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Abstract

Purpose

The aim of this study was to investigate whether the nucleus parafascicularis (Pf) of the
thalamus could be a relay of the control of epileptic seizures by the superior colliculus (SC).
The Pf is one of the main ascending projection of the SC, the disinhibition of which has been
shown to suppress seizures in different animal models and has been proposed as the main
relay of the nigral control of epilepsy.

Methods

Rats with genetic absence seizures (Generalized Absence Epilepsy Rat from Strasbourg or
GAERS) were used in this study. The effect of bilateral microinjection of picrotoxin, a GABA
antagonist, in the SC on the glutamate and GABA extracellular concentration within the Pf
was first investigated using microdialysis. In a second experiment, the effect of direct
activation of Pf neurons on the occurrence of absence seizures was examined by
microinjection of low doses of kainate, a glutamate agonist.

Results

Bilateral injection of picrotoxin (33 pmol/side) in the SC suppressed spike and wave
discharges for 20 min. This treatment resulted in an increase of glutamate but not GABA
levels in the Pf during the same time course. Bilateral injection of kainate (35 pmol/side) into
the Pf significantly suppressed spike and wave discharges for 20 min, whereas such injection
were without effects when at least one the site was located outside the Pf.

Conclusions

These data suggest that glutamatergic projections to the Pf could be involved in the control of
seizures by the SC. Disinhibition of these neurons could lead to seizure suppression and may
be involved in the nigral control of epilepsy.



Introduction

Several lines of evidence have suggested that the basal ganglia and especially the
substantia nigra pars reticulata (SNR), their main output station, are involved in the control of
epileptic seizures (1, 2). In particular, it has been shown that any pharmacological or electrical
manipulation of the basal ganglia that results in inhibition of the SNR, suppresses the
occurrence of most epileptic seizures (for review see 2). Yet, the mechanisms and circuits
involved in this "nigral control of epilepsy" remain to be characterized.

Recently, we have shown that the neuronal populations of the intermediate and
superficial layers of the caudal superior colliculus (SC) may constitute an important relay for
the control of absence seizures by the basal ganglia, via the SNR (3). One of the main output
of the SC is the ascending projection to the centromedial and the parafascicular nuclei (Pf) of
the thalamus, two main components of the intralaminar nuclei (4, 5). Both experimental and
clinical studies show that the intralaminar nuclei may play a role in the modulation and/or
maintenance of seizures and neuronal oscillations (6, 7, 8).

The aim of this study was thus to investigate whether the Pf, the main intralaminar
nucleus, could be a relay of the nigral control of epileptic seizures. To this aim, the genetic
model of absence epilepsy in the rat (Genetic Absence Epilepsy Rat from Strasbourg or
GAERS) was used and involvement of the collicular projection to the Pf during suppression
of absence seizures was investigated by measuring variations in the extracellular levels of
GABA and glutamate in the Pf in GAERS. In a second experiment, the consequences of Pf
activation on the occurrence of absence seizures was studied by measuring the effects of local
injection of a low, non toxic, dose of kainate on the occurrence of spike and wave discharges

(SWD) in GAERS.



Methods

Adult male GAERS rats (250-350 g), a strain with spontaneous generalized non-convulsive
seizures, bred at U398 Inserm in Strasbourg were kept in individual cages under a 12/12 h
normal light/dark cycle, with food and water ad libitum. They were implanted under general
anesthesia (diazepam 4 mg/kg + ketamine 1,000 mg/kg, i.p.) with four single-contact
recording electrodes as previously described (3). Stainless-steel guide-cannulae (o.d. = 0.4
mm; i.d. = 0.3 mm) were aimed bilaterally at (i) the deep layers of the caudal part of the SC
(A/P: - 7.3 mm; M/L: 2.0 mm; D/V: - 4.0 mm from bregma) or (ii) the Pf (A/P:- 4.80 mm; M/
L: 1.5 mm; D/V: 4.4 mm from bregma). A microdialysis guide was also aimed just above the
parafascicular nucleus (A/P:- 4.80 mm; M/L: 1.5 mm; D/V: 4.4 mm from bregma) in animals
implanted in the SC. All experiments were carried out in accordance with the European
Community Council Directive of 24 November 1986 (86/609/EEC).

After at least a week of recovery and habituation to handling, the electroencephalograms
(EEGs) were recorded between 9.00 and 12.00 a.m (left frontal-parietal; right frontal-parietal)
in awake freely moving animals using a digital acquisition system (Coherence 3NT,
Deltamed, France). The animals were injected bilaterally in a volume of 200 nl/side (i) in the
SC with saline or picrotoxin at a dose of 33 pmoles/side (Sigma, France) dissolved in NaCl
0.9 %, as in our previous study (3) or (ii) in the parafascicular nucleus with saline or a low
non toxic dose of kainate (35 pmoles/side) dissolved in NaCl 0.9 %. This range of kainate
dose is known to activate cell bodies for about 20-30 min, without lesioning effects, upon
intracerebral microinjections (9). For each recording session, intracerebral injections were
performed after a 20-min reference EEG recording. The EEG recording was then resumed for
up to 60 min and the behaviour of the animal was observed.

Dialysis in the Pf was carried out 60 min before and 100 min after injection of picrotoxin or
saline in the SC. The microdialysis probe (polycarbonate-polyether, 20-kDa molecular mass
cutoff, 2 mm long and 0.52-mm diameter, CMA 12; CMA Microdialysis) was first inserted
into the guide and was connected to a microinjection pump (CMA 100; CMA Microdialysis).
The perfusion medium contained 147 mM NaCl, 4.0 mM KCl and 2.4 mM CaCl2, pH 6.5,
filtered through 0.22 pM Millex Millipore filters before each experiment and was perfused at
1.0 pl/min (20-min collection). The GABA and glutamate contents of the dialysates were
determined by fluorimetric detection (Waters fluorimeter 470; excitation, 345 nm; emission,
455 nm) of the o-phthaldehyde derivatives after their separation by HPLC, using a
modification of the method of Allison et al. (1984) (10). All chromatographies were

performed with a Nucleosil C 18 column (5 m, 25 x 0.4 cm), a Waters pump (model 626), a



controller 600 S and a Millenium 32 integrator. .

Upon completion of the experiments, the animals were killed with an overdose of nembutal
and the brains were removed, cut in 20-pm coronal sections, stained with cresyl violet and
each injection site and placement of the dialysis probe were localized with reference to the
atlas of Paxinos and Watson (11) in the caudal aspect of the SC or near the Pf, respectively.
When an injection or a microdialysis site were respectively located outside the SC or the

parafascicular nucleus, the data were not included in the analysis.

The EEG data were expressed as mean + SEM cumulated absence seizure duration (s) of
spike-and-wave discharges (SWD) per 20-min period. Paired comparison versus control
conditions (saline) were made using an ANOVA and were confirmed with a non parametric
test (Wilcoxon). The microdialysis data were expressed as mean + SEM of percentage of
basal release of the 4 first baseline samples (i.e., before injection) and were compared to
control conditions (saline) using a one-way ANOVA followed by a Student-Newman-Keuls

as multiple comparisons test.



Results

Experiment 1 : Effects of bilateral injection of picrotoxin in the caudal superior colliculus on
amino acid release in the parafascicular nucleus

Bilateral injection of picrotoxin (33 pmoles/side; n=4) in the caudal part of the SC
significantly decreased cumulated duration of SWD during the first 20 min post injection
period as compared to saline injection, as previously reported (3, 12) (results not shown).
When Pf microdialysis was performed in these animals, the mean baseline extracellular
concentration was 37.8 £+ 3.9 pmoles/20 min for glutamate and 3.91 + 1.75 pmoles/20 min for
GABA. Picrotoxin injection in the SC induced a significant increase of extracellular levels of
glutamate in the Pf, 40 min post injection (+ 28.8 % of the basal level, p <0.05, Newman-
Keuls ; figure 1) as compared to saline injection, whereas no change was observed in the
extracellular GABA level (figure 1). Since the dead volume of the catheter (20 pl)
corresponded to a 20-min collection, the extracellular increase of glutamate observed at 40
min post injection of picrotoxin corresponded to the antiepileptic effect observed 20 min post

injection.

Figure 1 about here

Experiment 2 : Effects of bilateral injection of kainate in the parafascicular nucleus on spike-
and-wave discharges

Bilateral injection of kainate (35 pmole/side; n=8) in the Pf significantly decreased (> 70 %)
the cumulated duration of SWD 20 min post-injection as compared to saline injection and to
the reference period (p< 0.05 and p<0.0001 respectively, ANOVA ; figure 2). At this dose no
overt behavioral reaction was observed at any time after the kainate injection. No differences
between kainate and saline conditions were observed at 40 and 60 min postinjection. No cell
losses were observed in these animals in the region of the Pf following histological controls.
When one of the injection sites was located outside the Pf (n=3), injection of KA did not

result in significant suppression of SWD (Table 1).

Figure 2 about here

Table 1 about here



Discussion

The main results of the present study are that (i) disinhibition of the caudal part of the SC
which results in suppression of absence seizures is associated with a significant increase of
glutamate in the Pf whereas no change of GABA concentration was observed and (ii) direct
pharmacological bilateral activation of the Pf suppresses absence seizures. Although
preliminary, these data suggest that the glutamatergic projection from the caudal aspect of the
SC to the Pf is a critical relay in the output circuit involved in the control of seizures by the

basal ganglia via the SNR.

The data of the first experiment of this study confirmed previous results obtained in our
laboratory showing that disinhibition of the intermediate layers of the caudal SC suppresses
absence seizures without behavioural side effects (3, 12). It is also in agreement with data
from the literature showing an antiepileptic effect in different animal models of seizures
following activation or disinhibition of the SC (13). The microdialysis data of this experiment
suggest that glutamatergic fibers are critically involved in mediating the antiepileptic effects
of SC disinhibition. The involvement of these glutamatergic projections is further supported
by the time course of the glutamate increase which is similar to the anti-epileptic effects.
Little is known about the neurotransmitter nature of the SC-Pf projections (4, 5) and our data
suggest that glutamatergic fibers are an important component of this pathway. It is not
possible from our study to determine the origin of the GABA measured in the Pf, but our data
suggest that GABAergic neurons may not be an important part of the SC-Pf projection.
Further experiments are required to confirm the involvement of the glutamatergic neurons in

the control of seizures by the disinhibition of the SC.

The second experiment of the present study further confirmed that activation of glutamate
receptors in the Pf leads to absence-seizure suppression and is likely to mediate, at least in
part, the suppressing effects of SNR inhibition and/or SC disinhibition. In the present study,
microinjection of low doses of kainate was used to activate cell bodies, since intracerebral
microinjection of this compound have been shown to result in behavioural or physiological
effects lasting up to 30 min (9). The time course of suppressive effect on SWD is thus in
agreement with data from the literature. In addition, at the dose used, no cell death is
observed, especially in brain structures with moderate concentration of kainate receptors, as it

is the case for the Pf (14). In our study, no overt loss of cells was observed in the area of the



injection. These data remain to be confirmed with other pharmacogical or electrical means of
activation. However, they are in agreement with clinical reports showing that electrical
stimulation of the centromedian nucleus of the thalamus (which shares similar connections
with Pf) results in potent anti-epileptic effects in human patients (7). Whether similar
mechanisms are involved in seizure suppression in animal models and human patients and
whether this control depends on the type of seizures remain to be determined. However, our
data are also in agreement with experimental reports indicating that an increase of activity of
intralaminar neurons is associated with the cortical desynchronized activity that characterizes
wakefulness (15). Altogether, our results suggest that direct or indirect activation of Pf
neurons could reduce the capacity of the cortical neurons to synchronize, thus limiting the

occurrence of epileptic discharges.

Neurons of intralaminar thalamic nuclei such as the centrolateral and paracentral nuclei are
recruited rythmically during SWDs through mechanisms underlying glutamatergic excitation
modulated by GABAergic influences (8). These neurons may be involved in the maintenance
of cortico-thalamic oscillations and a change in their excitability, as induced by activation of
glutamatergic input or by direct activation of kainate receptor as in the present study, could
thus interrupt SWD. Whether this suppressive effect results from a blockage of neuronal
synchronization or oscillations in the frequency range of SWD remains to be determined. In
addition, although injection of kainate at sites located outside the Pf did not result in
significant effects in the present study, we cannot exclude the possibility that SWD
suppression results from a change of excitability of adjacent thalamic nuclei. In particular,
diffusion of kainate to neurons of the ventro-basal nuclei, known to be critical in the
generation of SWD (16), could suppress their oscillating activity and result in seizure
suppression. Further studies conducted in our laboratory are currently aimed to determine the
specificity of the glutamatergic SC-Pf projection in the control of seizures by the SC and to

better understand the mechanisms through which activation of these fibers suppress SWD.
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Table 1:

Effects of bilateral injections of kainate (35 pmol/side) outside the parafascicular nucleus on
absence seizures in the GAERS. The results are expressed as percent of cumulated
duration of spike-and-wave discharges versus control conditions for each 20 min period
postinjection. Pf : parafascicular nucleus; VPM : ventral posteromedial nucleus of the

thalamus

Location sites | 0-20 min 21-40 min 41-60 min
(right/left)

Pf/VPM 51 151 125
VPM/Pf 59 135 77

No/Pf 79 94 41
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